The intestinal mucosa plays a fundamental role as the site for absorption ofnutrients, and as an important barrier from potentially harmful agents in the intestinal lumen. Little is known of the permeability properties of the intestinal mucosa in uraemic patients. The intestinal permeability to differently sized polyethylene glycols (PEGs; range 326-1254 daltons) was studied in nine patients with chronic renal failure (24 hour endogenous creatinine clearance 5-27 ml/minute). We found an over all reduction in intestinal permeability of PEGs but a relatively increased permeability to larger PEG molecules daltons) in patients with chronic uraemia. The permeability profiles of the uraemic patients and normal subjects were also compared with the results of computer simulations of a multicompartment model, focussing on the effects of reduced renal excretion capacity.
Although the intestinal membranes are the site of absorption of nutrients, they also provide a barrier that prevents potentially harmful agents from leaving the intestinal lumen.' However, infections such as rotavirus, and villous atrophy caused in disorders such as coeliac disease, can lead to altered barrier properties.2`Arthritis in association with chronic inflammatory bowel diseases has been thought to depend on absorption of immunogenic substances via the altered gut mucosa. 5 Furthermore, several potentially toxic substances are produced by the bacterial flora in the intestinal lumen and these may accumulate after absorption in the uraemic state.i9 Histological changes, including reduction of villous height, increased crypt depth, and infiltration of inflammatory cells and functional changes such as decreased activity of dipeptidases and increased activities of disaccharidases, have been shown in the intestine in patients with chronic uraemia.'1-3
Although proteinaceous macromolecules are thought to be digested in the lumen and further broken down during the absorption process, some material may enter the bloodstream. '4 Several studies have indicated that even larger molecules and particles can be transmitted across the intestinal membranes by persorption. '5 Several inert or weakly metabolised molecules have been used to assess intestinal permeability, including 5Cr-EDTA, urea, mannitol, rhamnose/lactulose, and polyethylene glycols. '" We have recently investigated the intestinal permeability to differently sized polyethylene glycols (PEGs) (range 326-1162 daltons) and their recovery in urine after intravenous injection in rats with chronic uraemia.'20 Firstly, we found that the intestinal permeability to the larger PEG molecules (range 546-1162 daltons) increased in the uraemic rats. Secondly, intestinal permeability decreased in normal and uraemic rats fed a low protein diet. The investigation also showed that intravenously administrated PEGs were excreted without glomerular exclusion in the size range used (326-1162 daltons) in both normal rats and those with chronic uraemia.
This study aimed to investigate the intestinal permeability to differently sized polyethylene glycols (range 326-1162 daltons) in nine patients with chronic renal failure.
We found an over all reduction in intestinal permeability of PEGs but a relatively increased permeability to larger PEG molecules daltons) in patients with chronic uraemia. The permeability profiles of the uraemic patients and normal subjects were also compared with the results of computer simulations of a multicompartment model, focussing on the effects of reduced renal excretion capacity.
Patients and methods

PATIENTS
The uraemic group consisted of nine patients with stable chronic renal insufficiency without overt uraemic symptoms. None had undergone gastrointestinal surgery or had any history of gastrointestinal disease. The patients were in hospital during the study and most were on an unrestricted protein intake diet. One patient had a terminal uraemia and was on a moderately protein restricted diet of approximately 40 g per day (patient 9 in Table I (Table  I) . The study was approved by the local ethical committee. M  35  CGN  274  20  27  2  M  73  HN  355  23  18  3  M  55  CGN  451  27  16  4  F  75  NSC  413  41  12  5  M  54  CGN  796  31  11  6  M  82  NSC  446  33  10  7  F  51  PC  542  22  9  8  M  63  CGN  667  30  8  9  F  66  CPN  586  45  5  Mean  62  503  30  13  Range  35-82  274-7%  20- (Fig 3A) . This pattern was not so striking in the three uraemic patients (Fig 3B) . Negligible amounts ofPEGs were, however, detected in 24-48 hour urine samples in both the control and in the uraemic groups. Table II shows the calculated permeability characteristics ofthe two groups. The breakpoint was significantly shifted towards a larger valuethat is to the right in Figure 1 -in the uraemic group (p<005). Moreover, the regression coefficient was lower in the uraemic group (p<Q01).
The relative urinary recovery of the molecules, compared with the recovery of 326 daltons is shown in Figure 4 , suggesting a relative increased recovery of larger PEGs in the uraemic patients. The simulated urinary recovery of PEG 400 (range 282-590 daltons) with various renal function is displayed in Figure SA . The results suggest that the over all urinary recovery of molecules is decreased when the renal excretion capacity is reduced. Furthermore, the simulation also suggests that there would be a relatively increased recovery of the larger molecules when the renal clearance is reduced (Fig 5B) . The difference was much less pronounced, however, *than in Figure 4 
Discussion
The urinary recovery of PEGs given orally depends on several factors, the absorptive surface area, the intestinal transit time, the permeability of the intestinal membranes, and renal excretion -that is, renal function.1618 The relative recovery of molecules differing in size is thought to depend mainly on the permeability of the intestine, provided the transit time is not greatly affected.2225
The reduced over all recovery of the PEGs in the uraemic group (Fig 2) was probably primarily the result of the impaired renal function. The relative recovery of the individual molecules, however, was not identical in the two groups. The breakpoint -that is the molecular size where 50% of the intestinal filtering is expressedshifted significantly towards a larger value, 698 (23) (Table  II) . This indicates that relatively more larger molecules were recovered in the uraemic patients than in the control subjects. The relative urinary recovery of the molecules, compared with that of 326 dalton PEG, is shown in Figure 4 . For comparison the recovery of 326 dalton has been set to 1-0 in both groups.
The urinary recovery of orally given PEGs was inversely proportional to molecular weight (Fig  2) . The intestinal exclusion due to the size of the probes probably does not show a truly linear dependence, but it seems reasonable to use a linear approximation to describe the data for the limited size range of probes used. A gut mucosa with an increased selectivity will give a comparatively low recovery oflarge molecules and hence a steeper slope of the curve, resulting in a larger negative regression coefficient. On the contrary, a less selective gut, that allows larger molecules to pass more freely, would give a flatter curve and then a comparatively smaller value of the regression coefficient. Using this approach, we interpret the smaller regression coefficient in the uraemic group as a sign of a reduced intestinal selectivity towards the larger PEGs (Table II) .
An explanation for the increased breakpoint and the smaller regression coefficient in the uraemic patients could be a higher relative excretion of the larger PEGs in the uraemic patients compared with subjects with normal renal function.
The opposite was found, however, when PEGs were given intravenously to uraemic rats. The overall 24 hour recovery was decreased for all molecular weight species as could be expected because of the impaired renal function.20 But the urinary recovery of the smaller molecules (326-590 daltons) was relatively higher than the recovery of the larger ones (634-1162 daltons).
The opposite was found in the control rats, in which the urinary recovery of the smaller molecules was lower than the recovery of the larger PEGs.20 Furthermore, the urinary recovery of the larger PEGs (590-1162 daltons) increased in direct proportion to the molecular weight in both Fig 3A, compared with the uraemic patients (Fig 3B) would be more likely to increase the breakpoint in the control subjects.
The mean age was higher in the uraemic than in the control subjects (Table I) (Fig 5A) . Furthermore, the relative recovery of the larger molecules should increase compared with the smaller ones at the same time (Fig SB) in the mathematical model. In addition, the changed relative recovery of the individual molecules was much less pronounced in the mathematical model (Fig SB) than in the data from the experimental groups (Fig 4) 
